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I
I. Introduction
In recen t y ea rs , s tru c tu ra l in v e s tig a tio n s  o f  liq u id  a llo y s w ere  
extended to sy s tem s sh o w in g  som e p ecu lia r structu ral p ropertie s
I I ,  2). T h ese  can  be d iv id e d  in to  tw o  g ro u p s  : (i) T h e  first g ro u p  
exhibits som e short range  o rd er d u e  to  com p o u n d  fo rm ing  nature 
such as M g-S n , L i-P b , N a-P b  and  N a-S n  | 3 , 4-7]. ( i i)T h c  second  
group sh o w s a ten d en c y  (o seg reg a tio n  such  as A l-S n , A l-In , 
N a - L ia n d C u - B i[ l ,5 ,8 ,9 f
It m ay  be s ta ted  th a t liq u id  a llo y s L i-P b  and  N a-P b  etc do  
not n ecessa rily  fo rm  a s im p le  a llo y  th o u g h  they  arc  fo rm ed  o f 
two sim ple  m eta ls . T h e  L iq u id  L i-P b  is an  im p o rtan t and  w ell 
studied b in ary  m e ta llic  flu id  w h ich  sh o w s h igh ly  p ro n o u n ced  
deviations from  ideal m ix in g  b ehav iour at particu lar com position .
T h e  m e a s u re d  th e rm o d y n a m ic , e le c tr ic a l an d  m a g n e tic  
p roperties, th e  K n ig h t sh if t and  sp in -la ttic e  re lax a tio n  tim e, all 
show  m ark ed  d e v ia tio n s  fro m  id ea lity  at c o n cen tra tio n s  c lo se  
to the c o m p o s itio n  L i^P b  [41.
M an y  a u th o r s  h a v e  a t te m p te d  to  a c c o u n t fo r  v a r io u s  
properties o f  L i^Pb in  te rm s o f  fo rm ation  o f  chem ica l co m p lex es 
w ith fin ite  life  tim es. H o w ev er, d irec t ev id en c e  fo r th e  ex is ten ce  
ot ch em ical c o m p lex es  in L i-P b  h as n o t em erg ed . In d eed , m an y  
exp erim en ts  in d ica te  th a t th e re  is p ro n o u n c e d  c h a rg e -tra n s fe r
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(e lectron ) from  Li a to m s to Ph in this alloy  around sto ichiom etric  
co m p o s itio n . T he  p resen t w ork is based  on the .second line o f  
ap p ro ach .
O n the o th e r hand, a m odel fo r partia l s truc tu re  I ac tors i s 
w o rk ed  ou t th ro u g h  the B lum 's fo rm alism  o f  d irec t co rre la tion  
functions for assy m etric  ch arg cd -h ard -sp h crc  m ix tu res (or m ost 
g en era l case  o f  a rb itra ry  ch arg e  and  s i /c  in the p rim itive  m odel 
o f  e lec tro ly te s  u n d e r M ean  S p h erica l M odel A p p ro x im atio n  
(M S M A ) and it is c o n v en ie n tly  s im p lified  for 1-1 system s [ 101 
and ap p lied  in the m o lten  sa lts  (R bC l, R h -B r) 1111 and  strongly  
ionic m elts C s-A u  [12].
H ence, a u th o r fell the need to  tc.st the  valid ity  o f  the m odel 
in the system s w hich  are not f ully ionic Le. partial charge transfer 
lak es p lace  and L i-P b  is one o f the such su itab le  system  in and 
a ro u n d  s to ich io m etric  co m p o sitio n .
2. M ethod
In th is sec tion , g en era l steps o f  the m odel w ill be d iscu ssed  as 
the d e ta ils  o f  the ex p re ss io n s  can  n o t be p resen ted  here.
2.1. Direct correlation function :
A c c o rd in g  to  th e  B lu m ’s fo rm a lism  o f  ( r ) ,  th e  d ire c t 
co rre la tio n  fu n c tio n  b e tw een  i-th  and  j- th  ty p e  o f  ions, can  be 
co n c ise ly  w ritten  as :
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C,, (r) Cll(r) -  (X,j in  th e  re g io n  0  <  r  <  =  (<T, -  c r , ) /  2
w h en  a, < o j ,
Z ,Z ,
for Ay < /• < (Ty, when <o^  
for r >  a  „ . ( 1 )
H ere, <T, => d ia m e te r  o f  th e  s p e c ie s  t,
£() => d ie le c tr ic  c o n s ta n t  o f  th e  m e d iu m ,
T T c m p c ra lu rc  o f  th e  m e lt, 
e => C h a rg e  o f  th e  e le c tro n ,
Z, ■==> a m o u n t o f  c h a rg e  in e le c tro n  u n it in  th e  i»th ion .
T h e  o th e r  sy m b o ls  h a v e  g iv e n  a n d  e x p la in e d  fu lly  in  th e  
p re v io u s  w o rk s  1 ] 0 -1 2 ) . H e re , ( /  ) ’s a re  th e  d ir e c t c o rre la t io n  
fu n c tio n s  fo r a  m ix tu re  o f  n e u tra l h a rd  sp h e re  in th e  P c rc u s -  
Y ev ic  a p p ro x im a tio n  a n d  g iv e n  a  g e n e ra l f o n n  by  H iro ik e  fo r  
n - c o m p o n e n t  s y s te m  a n d  th is  c a n  b e  c o n c is e ly  w r i t te n  a s  
f o l lo w s :
( r )  =  a^ fo r  r  <  (T, ,
fo r  r  <  Ay ,
(2a)
£/y +  r  -f dr^ +  ( / y  /  r ) fo r  Ay <  r  <  a , , , (2 b )
w h ere
(3)
th a t f '  is  a v e ry  s e n s it iv e  p a ra m e te r  in  th e  d e te rm in a tio n  o| 
s tru c tu re  fa c to rs .
U s in g  c q s . (1 ) , (2 a )  a n d  (2 b )  th e  F o u r ie r  T ra n s fo rm a tio n s  
c a n  b e  o b ta in e d  in  a  s t ra ig h t  fo rw a rd  w ay  e v e n  th o u g h  it is 
c u m b e rs o m e . A  c o n v e n ie n t  fo rm  fo r  1 s y s te m  h a s  b e e n  g iven  
in  e a r lie r  w o rk s  [ 1 0 ,1 2 ] .
2 .2 . Partial and total structure factors :
A s it is w ell k n o w n  th a t p a rtia l s tru c tu re  fac to rs  S,j(k) an d  Cy (k)^ 
th e  p a r t ia l  d ir e c t  c o r r e la t io n  fu n c t io n s  in  k -s p a c e  is  re la te d  in 
th e  fo llo w in g  m a tr ix  f o r m :
S ( k ) ^ ( l - C ( k ) y (4)
T h e  p a r t ia l  s t ru c tu re  fa c to r  S,j(k) is an  (i, j  ) c o m p o n e n t o f 
th e  in v e rse  m a tr ix  (1 -  C ( / : ) )  ^tnd Cy (k) is g iv e n  by
C.fili) = JFiP, \ d r  Cii(.r) e x p  (ifc.r). (5)
T h e  c o h e re n t s c a t te r in g  in te n s i ty  l(k) c a n  b e  w ritte n  in te n n s  
o f  th e  p a r t ia l  s t ru c tu re  fa c to rs  a s
/(A )= y V  1 1 ^ -
i- l
(6)
C//('*) = C, ,(r) ,  (Ty = ( ( T , + ( T , ) / 2 ,  Ay =(<t , - ( T , ) / 2 ,
«y -¥0 ^)1 2 a n d  =  (6 , +  ) / 2 .
H e re , d a n d  ca n  b e  id e n tif ie d  in  e x p lic it  fo rm  in
H iro ik e 's  fo m a lism  [ 13] a n d  c a n  b e  s im p l if ie d  in  a  c o n v e n ie n t 
w o rk in g  fo rm  fo r  th e  s y s te m s  o f  in te re s t .
H e re , it a lso  sh o u ld  b e  s ta te d  th a t a n d  o f
e q . (1 )  a rc  fu n c t io n s  o f  a /^ - s c a l in g  p a ra m e te r .
T h e  jT’p a f i in ic tc r  is  re la te d  b y  a  ra t io n a l e x p re s s io n .
T h e  d e ta i ls  o f  th e  fu n c tio n  D t T )  h a v e  b e e n  e x p la in e d  in  
th e  e a r l ie r  w o rk s  [1 0 , 14] a n d  p-can be  s o lv e d  n u m e r ic a l ly  as  
a lre a d y  d iscus.scd  (101. It is  fo u n d  th a t c -P ^ tra m e te r  is  a n a lo g o u s  
to  D e b y e  in v e r s e  s c r e e n in g  le n g th  a n d  m a y  b e  te r m e d  a s  
g e n e ra l iz e d  D e b y e  in v e rse  s c r e e n in g  le n g th  p a ra m e te r  fo r  a  
m ix tu re  o f  a rb i tra ry  c h a rg e  a n d  s iz e . A ls o  it sh o u ld  b e  s ta te d
/ ( ^ ) = >  a to m ic  s c a t te r in g  fa c to r  d e p e n d s  o n  k fo r  X -ray  
a n d  e le c tro n  d if f ra c t io n  w h ile  fo r  n e u tro n  d if f ra c t io n , it is a 
sc a t te r in g  a m p litu d e  w h ic h  d o e s  n o t d e p e n d  o n  k. c^  is th e  a to m ic  
f r a c tio n  o f  i- th  s p e c ie s .
E q . (6 )  c a n  b e  w r it te n  in  th e  s h o r t  w a v e  le n g th  lim it as 
f o l lo w s :
n k - ^ a )  = N ' ^ c J , H k )
= N < f ( k ) > ,
a s  S , i ( k -*a)  = S,j.  (7)
H e n c e , to ta l s t ru c tu re  fa c to r  S(k)= l (k)l  I(k a)
I-----f j (k)f j (k)
3. Results and discussion
A t th e  s to ic h io m e tr ic  c o m p o s it io n  i.e. in  Li^ Ph  ^ th e  a v e ra g e  
v a lu e  o f  th e  s c a t te r in g  le n g th  is  v e ry  c lo s e  to  z e ro  so  th a t a 
s in g le  n e u tro n  d if f ra c t io n  e x p e r im e n t y ie ld s  th e  c o n c e n tra tio n  
s t ru c tu r e  f a c to r  S^^{k) a n d  is  r e la te d  to  th e  p a r t ia l  s tru c tu re  
fa c to rs  a s  fo l lo w s  :
‘^ c r (^ )  ~  ^1^2(^2*^11 ^ 1 * ^ 2 2  ^ ^
H e re , 1 s ta n d s  fo r  L i a to m  a n d  2  fo r  P b  a to m  w h ile  c^  an d  are
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ihcir a lo m ic  f r a c tio n s . S^fk)  is  a  m e a s u re  o f  th e  c o n c e n tra tio n  
flu c tu a tio n  a t  a  w a v e  v e c to r  k, it p ro v id e s  d ir e c t in fo rm a tio n  
about c h e m ic a l sh o r t  r a n g e  o r d e r  in  th e  a llo y  an d  re f le c ts  th e  
ch a rac te r o f  th e  b o n d in g . R u p p e r s b e r g  a n d  R e ite r  [4 ) io u n d  
p ro n o u n ced  c h e m ic a l  o rd e r in g  e f f e c ts  in  LiJ^h [4J.
H e n c e , th e  p r e s e n t  m o d e l  c o m p u ta t io n  is  b a s e d  o n  th e  
to llo w in g  p h y s ic a l ly  a c c e p ta b le  a s s u m p tio n .
0 ) p ro n o u n c e d  c h a rg e  tr a n s fe r  la k e s  p la c e  fro m  Li a to m s  to  Ph 
atom s in a n d  a ro u n d  s to ic h io m e tr ic  c o m p o s it io n , m a in ta in in g  
ihc c h a rg e  c o n s e r v a tio n  c o n d it io n .
T h e  p a r t ia l s tru c tu re  fa c to rs  S^ (^k) c o r r e s p o n d in g  to  th e se  
re su lts  are  sh o w n  in F ig u re  2. e x h ib its  its m a in  m a x im u m
i n PhAZpf, — 0 ( 10)
and Li a to m  b e c o m e  e f f e c t iv e ly  c h a rg e d  p o s i t iv e  io n s  w h ile  P b  
a tom s a re  e f f e c t iv e ly  c h a rg e d  n e g a tiv e  io n s .
(ii) A lo n g  w ith  th e  o th e r  c a s e s  [1 5 J , th e  d ie le c tr ic  c o n s ta n t is 
taken to  b e  u n ity .
'H ie in p u t d a ta  is g iv e n  in  T a b le  1. H e re , fo r  u n ifo rm ity  o f  th e  
no ta tio n s , <T„'s a rc  w r it te n  fo r  CT,, a n d  th e s e  v a lu e s  a rc  v e ry  
c lose to  P a u lin g 's  d ia m e te r s  ( a , ,  =  2 .5 0  A  &  cr,,,, == 3 .0 0  A )  
th o u g h  th e y  a r e  s l i g h t l y  a d j u s t e d  to  o b t a i n  b e s t  f i t t e d  
ex p erim en ta l s tru c tu re  fa c to rs  S (k )  =  5  .^  {k)lc^c  ^a n d  it is o b v io u s  
that th e  v a lu e s  o f  a f s  o f  p u re  m e ta ls  s h o u ld  c h a n g e  w ith  
c o m p o s itio n  o f  th e  a llo y . T h e  d e n s i ty  ( p  = 0 .0 4 6 0 1  A~ ' ) o f  th e  
m elt at 9 9 5 ‘’K  is ta k e n  fro m  li te ra tu re  f ib ) .
Table 1. Input data and potential parameters
LinpcraUirc Density* Dianicierst A)
Computed
r  (A ')
Effective charge
T('K) p(A ') ^I'h Ph
955 0.04601 2 50 3 00 0 715 +0.218 -0 872
compared with experimental results (-A - a - a ).
at =  1.5 A  ‘ w h ilis t h as  a w e a k  m a x im u m  an d  ) h as
a  d e e p  m in im u m  at th e  sa m e  w a v e  v e c to r  j(,k) an d  p^ {k) 
sh o w  th e ir  m a x im u m  at k ~  2 .5 5  A  ' w h ile  ) h a s  th e
w e a k  m a x im u m  at th e  sa m e  p o s itio n . H o w ev e r, th e  p a tte rn  o f  the 
p re s e n t c o m p u te d  p a r tia l s tru c tu re  fa c to rs  c o n fo rm s  w ith  the 
p a tte rn  a s  c a lc u la te d  by  C o p e s ta k e  et al (1 7 ] u s in g  o rd e r in g  
p o te n tia l w h ic h  th e y  h a v e  e x tr a c te d  fro m  e x p e r im e n ta l ^^^{k).
* The cxpeiimcntal values of the density is taken from literature fI6]
T h e  e x a c t  v a l u e s  o f  AZ, 's  a r e  o b t a i n e d  th r o u g h  th e  
c o m p u te r  s c a n n in g  a n d  it is fo u n d  th a t  AZ^,  = -H ).2 1 K  a n d  
A Z - 4AZf  , ==-0,H72 c o r r e s p o n d  to  th e  b e s t  f i t t e d  
th e o re tic a l re s u lts  in  c o m p a r is o n  w ith  e x p e r im e n ta l  s tru c tu ra l 
d a ta  [4 ]. T h e  g e n e r a l iz e d  s c r e e n in g  le n g th  p a r a m e te r  p  is  
c a lc u la te d  in  o u r  u s u a l  m e th o d  a n d  th e  v a lu e  is  o b ta in e d
0 . 7 1 5 A - ' .
F ig u re  1 s h o w s  th e  c o m p a r is o n  o f  th e o re tic a l r e s u lts  w ith  
the e x p e r im e n ta l  s t r u c tu r e  f a c to r s  S^,fk)/c^C2 . T h e  o v e ra l l  
a g re e m e n t b e tw e e n  th e  c o m p u te d  ih e o r c t i c i l  s tru c tu re  fa c to r  
and  e x p e r im e n ta l  v a lu e s  is  s a t is f a c to r y  th o u g h  th e re  is a  sm a ll 
d e v ia tio n  in  th e  s e e o n d  p e a k  r e g io n . T h e  th e o re t ic a l  m a in  p e a k  
h e ig h t is e x c e l le n tly  m a tc h e d  w ith  e x p e r im e n ta l  h e ig h t  b u t th e  
p o s i t io n  is  s l ig h t ly  s h i f t e d  to w a r d s  th e  lo w  k v a lu e .  T h e  
th e o r e t i c a l  m a in  p e a k  o f  a t  ^ «  1 .5  A"^* w h e r e a s
ex p e rim en ta l m a in  p e a k  lie s  c lo s e  i o k ^  1.53 A “ ^  H e n c e , F ig u re  
1 d e p ic ts  th a t  th e  th e o re t ic a l  c u r v e  a ro u n d  th e  m a in  p e a k  is v e ry  
sjlightly la g g in g  b e h in d  th e  e x p e r im e n ta l  c u rv e .
Figure 2. The pariiul striuUiic lactois S,,,, i - o - o - ) ,  j (^k)
( - ♦ - ♦ - )  and S , (k) ( - • - • - )  Lompiitcd in Ihc picscni model al 95S K
H o w e v e r , in su m m a ry  o f  th e  p re s e n t f lu c tu a tio n  re s u lts  it 
m ay b e  sla ted  th a t F i jP b  a t 995*’K can be m o d e lled  rea listica lly  
b y  c o u lo m b  p o te n tia ls  w ith  e f fe c tiv e  e le c tro n  c h a rg e s  o f  + 0 .2 1 H 
o n  a L i a to m  an d  -0 .8 7 2  ( - 4 z l Z ^ , ) on  a  Pb  a to m , an d  g e n e ra liz e d  
in v e rse  s c re e n in g  le n g th  o f  0 .7 1 5  A  ‘ w h ic h  is  a u to m a tic a lly  
d e te r m in e d  b y  th e  d ia m e te r s  i a f  s),  c h a rg e s  {AZi's) a n d  
n u m b e r  d e n s i t ie s  ( p /  .v) o f  th e  sp e c ie s .
H e re , it sh o u ld  b e  s ta te d  th a t it is d if f ic u l t  to  fo rm u la te  a  
r e l ia b le  re la t io n  b e tw e e n  Ihc  p a r t ia l  io n ic  c h a ra c te r  an d  th e  
d if fe re n c e  in  e le c tro n e g a t iv i ty  o f  th e  tw o  a to m s  b e tw e e n  w h ic h
90 Alok Satpathy
the charge transfer taken place. But. through the Pauling's 
em p irica l fo rm ula  a cu rve  be tw een  ion ic  ch a rac te r  v.v 
electronegativity difference show.s 15 percent ionic nature in a 
single bond between the two atoms having 0.8 electronegativity 
difference as in the present sample. Hence, the present computer 
scan data for effective charges o f the atom is also be apparently 
supported by Pauling’s point of view 118).
4. Conclwiion
The computed structural results o f l.i-Pb provides confidence 
to undertake the investigations on lew more partially charge 
transfer systems' (like Na-Pb, Na-.Sn etc) using this generalised 
model. It may be concluded that this model not only woiks very 
well on the molten salts, strongly ionic melts (like Cs-Au etc) 
but also it is .satisfactorily working on the partially charge transfer 
sample.
Here, it should be stated that the very important significance 
of this model is that it docs not contain any unknown unphysical 
parameters like Waisman -  Lebowitz .solution f 19,20j for a mixture 
o f ionic fluids o f asym m etric nature (unequal radii) which 
contains seven unknow n param eters for obtaining partial 
structure factors and these are connected through the seven 
complicated equations. [211.
In this model, generalized .screening length parameter f  is 
determined by diameters (<T, ’s), number densities ( p , ’s) and 
charges (A Z, 's) o f the species. The diameters arc usually found 
clo.se to Pauling's or Fumi-Toshi values.
The model is generalized in the sense that it is applicable to 
the ionic mixture of asymmetric diameters (unequal radii) and 
arbitrary charges o f the species in the evaluation of partial and 
total structure factors.
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